Eight with single crystal X-ray structure, mass spectrometry, and NMR spectroscopy. The solid state photophysical properties and thermal stabilities of the CPs were also briefly studied in the solid state.
INTRODUCTION
The syntheses of self-assembled coordination polymers (CPs) are receiving growing attention in chemistry as well as in material sciences. Often, CPs are simply obtained by mixing bridging organic ligands and metal ions together. CPs can be tailored to display potential applications in various fields including gas storage, [1] [2] [3] nonlinear optics, 4 ,5 sensing, 6 magnetism, 7, 8 catalysis, 9 photocatalysis, 10 and conductivity 11 . Design and production of phosphorescent light emitting devices can also benefit of incorporation of heavy elements into a polymeric chain in coordination polymers. 12 The final structure of CP is dependent on the selection of metal ions, structure of the connecting ligands, possible counter ions, the stoichiometric ratio of the reacting partners, reaction conditions and the solvents used. 13, 14 Recently, there has been increasing attention on flexible or semi-rigid ligands particularly a ligand with multiple flexible arms containing several coordination sites. [15] [16] [17] Use of semi-rigid ligands in CPs allows the formation of more diverse structures compared to rigid linking ligands. However, it is still possible to design and obtain desired structures with semi-rigid ligands as well. 18, 19 In this case, the control of the final structure is often more subtle involving adjustments in reaction conditions. The advance of ligand flexibility is that it can generate completely new properties on CPs. For example, the flexibility of the ligands can be used to produce adaptable cavities within CP structures and enhance properties such as molecular sensing and catalytic activity and selectivity. 20, 21 Over the past few decades, 2,2´-biimidazole (biim) and its derivatives have received much attention due to their versatile chemistry. [22] [23] [24] [25] However, construction of novel CPs from imidazole and biim derivatives is less thoroughly studied. 26, 27 With the aim of construction of new CPs, we have chosen two biim derivatives: 1,1´-bis(pyridin- The ligands (L1 and L2) have been studied as halogen and hydrogen bond acceptors by Aakeröy and co-workers. [29] [30] [31] They suggested that the negative electrostatic potentials (NEPs) associated with the pyridine nitrogen atoms (N Py ; L1 = -182 kJ/mol and L2 = -187 kJ/mol) of both the ligands were proved to be nearly same but higher than the corresponding values of the imidazole nitrogen atoms (N Im ; L1 = -128 kJ/mol and L2 = -132 kJ/mol) atoms. The higher NEPs of N Py makes them more prone for halogen/hydrogen bonding as well as for metal coordination.
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However, there are few reports where N Im coordination was seen along with N Py coordination in the case of L1. 32 In acidic reaction conditions, the protonation of N Py atoms directs the ligand towards coordination through N Im atoms. 33 Choice of the metal ion plays a crucial role in designing CPs due to various electronic structures affecting preferred coordination geometries. In this study, Zn 2+ was chosen as metal favoring tetrahedral coordination geometry. Copper and silver were selected to provide more flexible coordination geometries. The common geometries of silver(I) complexes are linear, trigonal and tetrahedral. [34] [35] [36] [37] Typical coordination geometries of copper(I or II) complexes include tetrahedral, square planar and square pyramidal structures. [38] [39] [40] In this study, we report the synthesis, crystal structures, and characterization of several transition metal (Cu + , Cu 2+ , Zn 2+ , and Ag + ) coordination polymers with two biim based semi-rigid ligands (L1 and L2), where they act as bi-, tri-or tetradentate ligands.
EXPERIMENTAL SECTION
All the chemicals were purchased from commercial sources and used without purification.
Caution!!! Although no problems were encountered in this work, silver perchlorate is potentially explosive. Only a small amount of the material was used and handled with great care. The ligands (L1 and L2) were synthesized by adopting literature procedure. 29 4 ] n (7): Only a few single crystal of 7 was found along with 6 as a byproduct in the synthesis of 6 described above. To improve the yield of 7, the molar ratio of metal to ligand (L2) was changed from 1:1 to 2:1. However, even in these reaction conditions the compound 6 was the dominating product, and the compound 7 remained as a minor side product.
X-ray Data Collection
The Multi-scan absorption correction was applied to all data, and structural refinements were carried out using SHELXL-2015 43 software. Details of data collections and structure refinements for CPs 1-7 are given in Table 1 , while those of ligands (L1 and L2) and 4a are given in Table S2 . In CP 7, solvent molecules could not be unambiguously determined, and therefore the contribution of the missing solvent to the calculated structure factor was taken into account by using the SQUEEZE routine of PLATON. 
RESULTS AND DISCUSSION
All the CPs of Cu(I), Cu(II), Zn(II), and Ag(I) with ligands L1 and L2 were synthesized via selfassembly. 44 The structures of coordination polymers in the solid state were determined by using single crystal X-ray diffraction, and their photoluminescence properties were screened using solid-state photoluminescence spectroscopy. Bulk phase purity of all the CPs (1, 2b-6) were confirmed by powder X-ray diffraction. The diffractograms are given in the supporting (Table S1 ). The Ag−N Py and Ag−N Im bond distances are in good agreement with those reported for silver complexes with imidazole and pyridine derivatives. [45] [46] [47] [48] In solution, the 1 H NMR spectrum of 1 showed a minimal downfield shift for imidazole proton (Table S1 ). In solution, the 1D-NMR ( Figure S13 ), which can be seen as evidence of CP 2b. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 (Table S1 ). In crystal packing of 4, the adjacent 1D chains interact each other via several weak C=C-H Im ⋅⋅⋅Cl and CH 2 ⋅⋅⋅Cl hydrogen bonds to the chlorido ligand (Cl − ). In 3, several weak intra and intermolecular hydrogen bonds were observed between the chlorido ligand and aromatic or aliphatic hydrogen atoms and also C=C-H Py ⋅⋅⋅N Py .
In solution, both 1D and 2D NMR ( Figure S12c 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
Structure of [Cu 2 (L2)(µ-Cl) 2 ] n (6) from L2
The reaction of CuCl 2 ·2H 2 O with L2 from a mixture of water and DMSO (2:8 v/v) at equimolar amounts gave 1D-CP 6 ( Figure 7 ). In these reaction conditions, the copper was reduced from 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 18 Figure 7 . Top: one-dimensional chains of 6 viewed along the crystallographic c-axis. Bottom:
packing of the chains of 6 viewed along the crystallographic a-axis.
Crystal structure of [Cu 4 (L2)(µ-Cl) 4 ] n (7) from L2
Upon X-ray diffraction, it was revealed that in 7 ( Figure 8 ) the copper was reduced to Cu + as in CP 6. Despite several attempts, no rational route to pure 7 without 6 could be developed. The CP 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 60 
Thermal Analysis
To evaluate the thermal stability of CPs 1, 2b-6, their thermal decomposition behaviors were studied by TGA (Figure 9 ). The experiments were performed under nitrogen atmosphere at a heating rate of 10 °C min −1 in the temperature range of 30−700 °C. The TGA curves of silver CPs (1, 2b) showed that their networks were stable up to 288 and 283 °C, respectively. Beyond these temperatures, the networks began to decompose. The TGA curve of 3 showed that the network was stable up to 393 °C and then started to decompose on further heating. For CPs 4 and Copper-based CPs (5 and 6), do not display any detectable fluorescence or phosphorescence.
Quenching of luminescence is common in copper(II) (via electron or energy transfer) 59 and copper(I) (via excited state distortions) 60 containing compounds.
Unambiguous assignment of the observed photoluminescence band to a certain electronic transition without further spectroscopic and computational studies is challenging due to complicated fluorescence of L1 and L2 in the solid state. Nonetheless, some interesting observations can be nonetheless pointed out based on obtained data. As can be seen in Figure 10 , 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 24
CONCLUSIONS
In summary, we have utilized two semi-rigid biimidazole based ligands (L1 and L2) as organic linkers for the construction of several CPs from Ag, Zn, and Cu metal ions. These ligands display pyridine (N Py ) and imidazole (N Im ) coordination groups which differ in their coordination ability (N Py coordination ability is higher than the N Im ). [28] [29] [30] According to the structures of these eight CPs, we have found that the final structure can be influenced by the structure of the ligand, 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 60
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